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ABSTRACT 


Two  hundred  thirty  nine  Douglas  Fir  beams  and  one 
hundred  and  ten  block  shear  samples  were  tested  in  an  invest¬ 
igation  to  determine  the  effect  of  delamination  on  the  hori¬ 
zontal  shear  strength  of  glulam  besims.  Length  of  delamination 
and  position  of  delamination  were  the  major  variables  in  the 
beam  tests.  Beam  specimens,  3"  x  6"  in  cross  section  and  6 
long,  were  loaded  with  a  concentrated  load  at  midspan.  Density 
of  the  wood  and  delamination  length  were  the  major  variables 
in  the  block  shear  tests.  Block  shear  specimens  conformed 
to  the  Canadian  Standards  Association  Specification  0122-1959. 

Beam  test  results  show  the  load  carrying  capacity 
is  affected  by  both  the  amount  and  position  of  the  delamina¬ 
tion.  End.  delamination  is  more  critical  than  delamination  in 
the  central  portion  of  a  beam.  For  a  glulam  beam  composed 
of  laminations  of  similar  specific  gravity  a  delamination  at 
the  mid-depth  is  more  critical  than  a  delamination  at  the  1/4 
or  3/4  depth.  If  a  beam  is  composed  of  laminations  which  have 
variations  in  specific  gravity  the  distribution  of  bending 
and  shear  stresses  are  altered.  The  extent  of  these  altera¬ 
tions  is  dependent  on  the  position  of  the  laminations.  Block 
shear  test  results  were  not  conclusive.  However,  as  has  been 
found  previously  there  was  no  direct  relation  between  the 


block  shear  stress  and  beam  shear  stress. 
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CHAPTER  I 


INTRODUCTION 

1- 1  Shear  Stress  Within  the  Elastic  Range 

In  the  development  of  the  equations  for  normal  and 
shearing  stresses  in  beams  the  following  simplifying  assump¬ 
tions  are  made: 

1.  The  beam  is  initially  straight  and  has  a  uniform 
cross  section. 

2.  The  beam  is  in  equilibrium  under  the  action  of 
the  loads  and  the  supporting  forces. 

3.  The  beam  has  a  vertical  plane  of  symmetry  and  the 
loads  and  reactions  lie  in  that  plane. 

4.  The  material  of  the  beam  is  homogeneous. 

5.  The  proportional  limit  of  the  material  is  not 
exceeded,  i.e.  Hooke's  Law  applies 

6.  The  moduli  of  elasticity  in  tension  and  compression 
are  equal. 

7.  Deformations  are  small. 

8.  A  plane  transverse  section  before  bending  remains 


plane  after  bending. 
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9.  The  sides  of  the  transverse  section  which  inter¬ 
sect  the  neutral  axis  are  straight  lines  perpen¬ 
dicular  to  the  neutral  axis. 

Using  these  assumptions  it  is  possible  to  derive  the 
familiar  expression  for  the  shearing  stresses: 


v 


(1.1) 


where : 


stant . 


v  =  unit  shearing  stress  on  a  horizontal  plane 
at  the  section  considered 
V  =  shearing  force  at  that  section 
Q  =  statical  moment  taken  with  respect  to  the 
neutral  axis  of  the  area  above  the  plane 
where  v  is  being  calculated. 

I  =  moment  of  inertia  of  the  entire  cross- 
section  about  the  centroidal  axis, 
b  =  width  of  cross-section  at  plane  where  v  is 
being  calculated. 

For  a  rectangular  cross-section  V,  I  and  b  are  con- 
At  a  distance  y  from  the  neutral  axis: 


Equation 


Q  = 

(1.2)  is 


(1.2) 


the  equation  of  a  parabola  whose 


vertex  lies  at  the  neutral  axis. 


Thus,  the  maximum  value  of 
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v  occurs  at  the  neutral  axis  (y=0)  and  the  minimum  values  of 
zero  occur  at  the  top  and  bottom  faces  (y=c) .  See  FIGURE  1.1A. 

1- 2  Shear  Stress  Beyond  the  Yield  Point 

If  a  beam  is  loaded  so  that  the  strain  in  the  extreme 
fibres  is  greater  than  the  yeild  point  strain,  the  simple 
elastic  theory  is  no  longer  applicable.  Assuming  that  the 
maximum  bending  stress  is  limited  to  the  stress  at  the 
yield  point  the  bending  stress  distribution  across  the  depth 
of  the  beam  may  be  assumed  to  be  as  in  FIGURE  1.1B.  This 
stress  distribution  must  be  such  that  the  conditions  of 
equilibrium  are  satisfied.  Hence: 

Internal  compressive  force  =  internal  tension  force 
Internal  moment  =  external  moment 
In  order  to  analyse  the  shearing  stresses,  consider 
an  element  within  the  confines  of  a  portion  of  the  beam  which 
has  yielded.  (FIGURE  1.2).  For  equilibrium  of  this  block 
of  length  dx: 

F  +  AF  =  vbdx  +  F  (1.3) 

Therefore,  AF  =  vbdx  (1.4) 

But  AF  =  0  when  the  element  is  within  the  plastic  region  of 
the  beam.  Therefore,  there  can  be  no  horizontal  shear  carried 
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by  any  portion  of  the  beam  which  has  yielded.  The  entire  shear 
must  be  carried  by  that  part  of  the  beam  which  is  still  elastic. 
The  shearing  stress  distribution  would  be  as  indicated  in 
FIGURE  1.1B. 

If  the  material  of  the  beam  has  a  yield  strength  which 
is  greater  in  tension  than  in  compression  the  maximum  shear 
stress  need  not  occur  at  the  mid-depth.  This  can  be  shown  if 
a  beam  of  this  material  is  loaded  so  that  the  extreme  com¬ 
pression  fibres  have  yielded  but  the  entire  tension  zone  is 
still  elastic  (FIGURE  1.1C).  If  the  tension  zone  remains 
elastic  as  load  is  increased  the  plane  of  maximum  shearing 
stress  will  move  down  along  with  the  neutral  axis.  From  the 
above  it  is  evident  that  when  a  rectangular  beam  of  such  a 
material  begins  to  yield,  the  maximum  shear  stress  as  computed 
by  elastic  theory  will  be  lower  than  the  actual  shear  stress. 

1-3  Shear  Stress  in  a  Non-Linear  Elastic  Material 

A  beam  composed  of  a  material  which  exhibits  non¬ 
linear  elasticity  will  have  a  distribution  of  bending  and 
shear  stresses  which  depend  on  the  equation  of  the  stress- strain 
curve  for  that  material.  Qualitatively  these  stress  dis¬ 
tributions  would  appear  as  in  FIGURE  1.1D.  A  comparison  with 
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FIGURE  1.1A  and  B  would  indicate  that  a  beam  in  which  there 
was  some  yielding  would  be  the  most  critical  with  respect  to 
shearing  stresses. 


Tests  by  Beghtel  and  Norris  (1952) *  indicated  that 


because  the  ultimate  strength  in  tension  is  greater  than  in 
compression  the  bending  stress  distribution  at  ultimate  load 
for  a  rectangular  Douglas  Fir  beam  might  be  assumed  as  in 
FIGURE  1.1C.  It  was  observed  that  this  stress  distribution 
could  be  obtained  from  a  compression  test  of  a  clear  sample. 
This  test  curve  (simplified)  would  indicate  the  compressive 
stress  distribution.  The  tension  stress  distribution  would 
be  an  extension  of  the  linear  portion  of  the  compression 
stress-strain  curve  (FIGURE  1 . 4A) .  An  expression  for  the 
shear  stress  v  was  then  derived: 


v 


z 


(1.5) 


where 


z 


distance  from  extreme  tension  fibre  to 


plane  on  which  shear  stress  is  derived 


d  =  depth  of  beam 


s 


average  shear  stress  on  the  section 


*  References  are  listed  at  the  end  of  this  dissertation. 
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F  =  tensile  stress  at  extreme  fibre 
T 

Fc  =  compressive  stress  at  extreme  fibre 

This  equation  gives  a  stress  distribution  which  is 
parabolic  with  v  =  0  at  z  =  0  and  z  =  a. 

where:  a  =  distance  from  extreme  tension  fibre  to  start 

of  compression  yielding 

The  maximum  value  of  shear  stress,  obtained  by  dif¬ 
ferentiating  equation  1.5  is: 


v 


3 

—  s 

4 


F 


c 


(1.6) 


This  maximum  shear  stress  occurs  at  a  distance  of 
a/2  from  the  extreme  tension  fibre.  This  maximum  will  occur 
on  a  plane  which  is  below  that  of  the  neutral  plane  if  some 
portion  of  the  compression  zone  has  yielded  (FIGURE  1.4B). 

1-4  Horizontal  Shear  Stress  in  Glulam  Beams 

Equation  1.1  is  generally  considered  applicable  for 
calculating  shearing  stresses  in  glulam  beams.  However,  cer¬ 
tain  of  the  basic  assumptions  used  in  deriving  this  formula 
are  not  satisfied.  The  material  in  a  glulam  beam  is  not 
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homogeneous.  The  basic  structure  of  all  common  woods  is  in 
the  form  of  tubular  cells  packed  tightly  together  and  more  or 
less  parallel  to  the  axis  of  the  trunk  or  branch  whose  wood 
they  compose.  The  direction  of  these  tubular  cells  or  "fibres" 
is  generally  called  the  "grain"  of  wood.  Because  these  fibres 
vary  in  size/with  the  largest  cells  forming  in  early  spring- 
wood,  a  contrasting  texture  results.  Also,  because  of  this 
orientation  of  fibres,  the  mechanical  properties  of  wood  are 
not  the  same  in  all  directions  with  respect  to  the  grain. 

The  moduli  of  elasticity  in  tension  and  compression 
are  not  necessarily  equal  for  wood.  However,  tests  at  the 
United  States  Forest  Products  Laboratory  indicated  that  this 
difference  was  not  significant  for  Douglas  Fir.  The  modulus 
of  elasticity  also  varies  with  density  and  moisture  content 
(Doyle,  McBurney,  Drow,  1946) .  To  take  into  account  this 
varying  modulus  of  elasticity  a  transformed  section  approach 
can  be  applied  in  determining  stresses.  For  a  beam  composed 
of  eicrht  laminations  graded  with  the  highest  modulus  of 
elasticity  at  the  extreme  fibres  the  resulting  transformed 


section  is  shown  in  FIGURE  1.3. 


i: 
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1-5  Delamination  and  Horizontal  Shear  Stress 

Delamination  in  glulam  beams  may  be  produced  by 
volume  changes  or  by  defective  gluing.  Volume  changes,  which 
are  a  result  of  moisture  content  changes  in  the  wood,  may 
produce  stresses  which  are  sufficiently  large  to  result  in  de¬ 
lamination.  Generally  this  type  of  delamination  will  be  lo¬ 
cated  at  or  near  the  ends  of  beams  because  of  the  greater 
surface  area  exposed  to  the  atmosphere.  The  other  basic 
cause  of  delamination  is  faulty  gluing  procedures.  This  may 
occur  due  to  improper  mixing  or  spreading  of  the  glue, 
improper  preparation  of  the  material  to  be  glued,  improper 
clamping  time  and  or  pressure  and  the  use  of  the  wrong  type 
of  glue  for  the  service  conditions  the  member  will  encounter. 

Consider  a  simply  supported  rectangular  beam  under 
the  action  of  a  single  concentrated  load  placed  at  midspan 
and  with  a  delamination  length  of  2a  (FIGURE  1.5) .  The  shear 
force  is  a  constant  throughout.  If  the  beam  were  not  delamin¬ 
ated  the  shear  stress  v  at  any  point  would  be? 


v 


VO 

lb 


(1.1) 
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Since  the  beam  is  delaminated,  the  shear  force  in 
length  "d"  is  increased  by  an  amount  which  length  "a"  is  unable 
to  carry.  If  we  consider  no  horizontal  shear  resistance  in 
length  a,  the  additional  force  Fa  in  d  is: 

VO 

F  =  —  •  ba  (1.7) 

a  lb 


Assuming  this  effect  is  spread  uniformly  through 
length  d  an  additional  stress  will  result: 


VQ  ba 
lb  ’  bd 


(1.8) 


and 

VT  =  v  +  va  (1'9) 

where  vT  the  total  shear  stress  on  any  portion  of  the  plane 

considered  and  which  is  not  delaminated. 


Thus : 


VQ  a 

VT  =  —  (1  +  -r)  (1.10) 

T  lb  d 

Equation  1.10  assumes  elastic  action,  no  friction  be¬ 
tween  delaminated  pieces,  and  no  stress  concentration  effects 
near  the  ends  of  delaminations. 
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V 


VQ 

I  6 


i 


ASSUMED  SHEAR 
STRESS  DISTRIBUTION 
AT  PLANE  OF  THE 
DLL  A  M  I  NATION 


0 


FIGURE  1.5 
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1-6  Previous  Investigations 

Comparatively  little  research  has  been  conducted  on 
the  subject  of  the  shear  strength  of  timber  beams.  Newlin, 

Heck  and  March  (1934)  noted  that  the  usual  method  of  calculating 
longitudinal  shearing  stresses  in  the  neutral  plane  of  a  checked 
beam  was  in  error  and  that  in  certain  cases  stresses  of  two  to 
three  times  the  ultimate  shearing  stress  of  the  material  were 
developed  without  failure.  It  was  found  that  the  upper  and 
lower  halves  of  these  beams  acted  to  some  extent  independently 
and  thereby  relieved  the  shearing  stress  on  the  neutral  plane. 
This  "two  beam"  action  was  found  to  increase  appreciably  as 
the  point  of  application  of  a  concentrated  load  approached  a 
support.  The  approximate  mathematical  analysis  was  substan¬ 
tiated  by  tests  on  200  artificially  checked  beams. 

An  extensive  testing  program  was  carried  out  by  Wil¬ 
son  and  Cottingham  (1952)  to  determine  the  effects  on  strength 
and  failure  characteristics  of  variation  in  lamination  thick¬ 
ness,  of  joints  within  the  laminations,  of  spacing  of  joints 
in  adjacent  laminations  and  of  sizes  and  placement  of  knots. 

It  was  observed  that  a  number  of  beams  failed  in  horizontal 
shear  at  computed  shearing  stresses  much  below  those  determined 


15 


by  shear  tests  of  small  clear  specimens.  It  was  also  noted 
that  these  failures  usually  occurred  in  a  layer  of  unusually 
weak  cells  formed  at  the  beginning  of  the  growing  season.  An 
additional  group  of  beams  manufactured  from  stock  from  a  dif¬ 
ferent  region  were  tested.  The  shear  stress  values  obtained 
from  these  beams  were  only  slightly  higher  than  those  obtained 
in  the  first  tests. 

Wilson  and  Cottingham  also  noticed  that  in  several 
tests  the  shear  failures  were  near  the  top  or  bottom  of  the 
beam.  Strain  gauge  measurements  indicated  that  near  load 
or  reaction  points  the  stress  magnitude  and  distribution  were 
much  different  from  that  obtained  from  the  common  theory. 

The  magnitude  of  the  maximum  shear  near  such  a  point  was 
greatly  in  excess  of  that  commonly  assumed  and  the  position 
of  this  maximum  was  located  close  to  the  surface  on  which 
the  concentrated  load  was  applied. 

Morrison  (1952)  investigated  shear  strength  of  glu- 
lam  beams.  He  found  that  the  calculated  shearing  stress  at 
failure  was  much  below  the  stress  obtained  from  shear  block 
specimens . 

The  relation  between  longitudinal  shear  stress  and 
block  shear  tests  of  southern  pine  was  investigated  by 
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Meadows  (1956) .  His  results  indicated  that  there  was  no  cor¬ 
relation  between  the  block  shear  and  beam  shear  results. 

Tamberg  and  Huggins  (1960)  conducted  preliminary  tests 
on  the  effect  of  delamination  on  creosoted  laminated  beams. 
They  tested  70  beams,  with  varying  amount  and  varying  position 
of  delamination.  Although  no  definite  conclusions  were  drawn, 
the  tests  indicated  a  significant  difference  in  the  load 
carrying  capacity  among  various  positions  and  amount  of  de¬ 
lamination  and  a  need  for  further  investigation  in  this  area. 

Longworth  and  Stieda  (1959)  investigated  the  effect 
of  delamination  in  a  region  of  a  beam  containing  a  scarf 
joint.  It  was  found  that  the  delamination  tended  to  lower 
both  the  flexural  strength  and  the  stiffness  of  the  beam. 

A  considerable  amount  of  investigation  has  been  done 
on  the  bending  strength  of  wood  beams.  Several  of  these 
studies  are  of  interest  in  relation  to  a  study  of  shearing 
stresses.  Ramos  (1961)  investigated  the  distribution  of  bend¬ 
ing  stresses  in  a  wood  beam  when  some  of  these  stresses  exceed 
the  proportional  limit.  He  found  that  the  extreme  fibres 
on  the  compression  side  of  the  beam  start  to  yield  plastically 
before  yielding  began  on  the  tension  side.  Moreover,  the  stress- 
strain  curve  obtained  from  a  standard  compression  test  of 
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wood  showed  that  a  proportional  limit  strength  is  reached  prior 
to  the  maximum  crushing  strength,  whereas,  in  a  tension  test 
the  stress-strain  curve  was  substantially  a  straight  line  to 
failure.  From  these  findings  it  was  concluded  that  as  com¬ 
pression  yielding  occurred  the  neutral  axis  shifted  down  until 
a  tension  failure  occurred.  A  number  of  beams  were  tested 
with  strain  gauges  mounted  at  various  sections.  The  computed 
internal  bending  strengths  of  the  beam  specimens  agreed 
reasonably  well  with  those  computed  using  the  simplified 
longitudinal  stress  distribution  assumed.  This  stress  dis¬ 
tribution  was  assumed  as  in  FIGURE  1.1C. 

Beghtel  and  Norris  (1952)  investigated  the  relation 
between  span-depth  ratios,  the  type  of  failure  and  the  load 
at  failure  for  beams  of  rectangular  cross  section.  They 
assumed  a  simplified  stress  distribution  as  shown  in  FIGURE 
1.1C  and  derived  a  set  of  equations  defining  the  failure. 

They  assumed  that  three  types  of  failure  could  occur: 

(1)  tension,  (2)  shear,  and  (3)  a  combination  of  tension  and 
shear.  It  was  found  that  for  span-depth  ratios  greater  than 
14  tension  failures  would  predominate,  for  span-depth  ratios 
less  than  6  shear  failures  would  occur  and  that  for  span-depth 
ratios  of  6  to  14  a  transition  from  shear  to  tension  failures 


would  occur. 
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Several  investigators  have  analyzed  the  relations 
between  moisture  content  and  specific  gravity  and  the  elastic 
properties  of  wood.  Doyle,  McBurney  and  Drow  (1946)  inves¬ 
tigated  these  relations  for  Douglas  Fir.  It  was  found  that 
the  compressive  stress  at  the  proportional  limit,  the  maximum 
crushing  strength,  the  Modulus  of  Elasticity  and  the  Modulus 
of  Rigidity  all  increased  as  the  specific  gravity  increased. 
It  was  also  found  that  increased  moisture  content  increased 
the  Modulus  of  Elasticity  to  some  extent,  but  that  the  effect 
on  the  moduli  perpendicular  to  the  grain  was  about  8  to  10 
times  that  for  the  modulus  parallel  to  the  grain. 

1- 7  Present  Investigation 

The  study  of  shear  strength  of  gluiam  beams  reported 
in  this  thesis  was  sponsored  by  the  Department  of  Forestry, 
Government  of  Canada  and  conducted  in  the  Department  of  Civil 
Engineering,  University  of  Alberta.  The  investigation  was 
initiated  to  obtain  information  concerning  the  effect  of  de¬ 
lamination,  particularly  on  the  shear  strength  of  gluiam 


members . 


CHAPTER  II 


SCOPE  OF  INVESTIGATION 

This  thesis  describes  an  investigation  into  the  effect 
of  delamination  on  the  horizontal  shear  strength  in  glue 
laminated  Douglas  Fir  beams  under  the  action  of  a  single  con¬ 
centrated  load  placed  at  midspan.  Two  hundred  and  thirty  nine 
rectangular,  simply  supported,  laminated  beams  were  ^ated 
to  failure.  These  beams  were  artificially  delaminated  by  the 
insertion  of  two  layers  of  waxed  paper.  Lenath  of  delamina¬ 
tion  and  the  position  of  the  delamination  in  the  span  were 
chosen  as  the  variables.  The  delamination  was  placed  so  as 
to  be  symmetrical  about  the  vertical  centerline  of  the  beam 
in  23  of  the  25  series. 

One  Hundred  and  ten  block  shear  specimens  were 
tested  in  an  attempt  to  correlate  the  block  shear  strength 
and  the  beam  horizontal  shear  strength.  Fifty  of  these 
specimens  were  assembled  in  such  a  manner  that  the  shearing 
plane  was  in  the  wood.  The  remaining  sixty  specimens  were 
assembled  with  the  shearing  plane  along  the  glueline.  An 
artificial  delamination  of  varying  length  was  introduced  in 


these  specimens. 
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Moisture  content  and  specific  gravity  determinations 
were  made  on  every  beam  tested  and  on  the  block  shear  samples. 


CHAPTER  III 


MATERIAL  PROPERTIES 

3- 1  Moisture  Content  and  Specific  Gravity 

Four  moisture  content  and  specific  gravity  samples, 
approximately  1-1/2  inches  square,  were  cut  from  each  beam 
tested.  The  samples  were  taken  as  close  to  the  failure  as 
possible;  two  samples  were  cut  on  each  side  of  the  failure 
plane. 

The  moisture  content  was  determined  for  each  sample 
and  the  average  of  the  four  determinations  was  taken  as  the 
moisture  content  for  a  particular  beam.  Appendix  A  describes 
the  test  procedure  used. 

During  the  course  of  the  investigation  t wo  different 
methods  were  used  to  determine  the  specific  gravity  of  the 
wood.  The  specific  gravity  reported  for  a  particul  r  be  m 
was  taken  as  the  average  of  four  determinations.  Appendix  A 
describes  the  two  procedures  used. 

3-2  Shear  Strength 


One  hundred  and  ten  block  shear  specimens  were  tested. 
Sixty  of  these  specimens  were  designed  to  fail  on  the  glueline 
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(Figure  3.1  B)  while  the  remainder  were  designed  to  fail  in 
the  wood  (Figure  3.1  A) .  The  sixty  glueline  specimens  were 
assembled  with  varying  amounts  of  delamination.  The  others 
were  assembled  from  wood  of  various  densities.  TABLE  III-l 
lists  the  samples. 


TABLE  III-l 
BLOCK  SHEAR  SPECIMENS 


Specimen 

Number  of 

Net  Shear 

Shear  Plane 

Type 

Specimens 

Area  (inz) 

Al 

2 

0.73 

glueline 

A2 

2 

1.30 

glueline 

A3 

2 

1.87 

glueline 

A4 

2 

2.33 

glueline 

A5 

2 

3.00 

glueline 

G 

10 

3.00 

wood 

II 

10 

3.00 

wood 

I 

10 

3.00 

wood 

J 

10 

3.00 

wood 

K 

10 

3.00 

wood 

NOTE: 

Groups  B,  C ,  D,  E ,  F  are  similar  to  Group  A. 

The  material  used  for  these  specimens  was  selected 


from  the  same  laminating  stock  as  used  in  the  test  beams. 


BLOCK  SHEAR  SPECIMENS 


FIGURE 
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Specimens  in  each  group  were  composed  of  laminations  cut  from 
one  piece. 

The  fabrication  of  these  specimens  was  carried  out 

in  the  University  shop  following  commercial  fabrication  pro¬ 
cedures  as  closely  as  possible.  A  clamping  pressure  of  125 
pounds  per  square  inch  was  applied  and  maintained  for  24  hours. 
The  specimens  were  then  removed,  cut  to  size  and  tested  in 
accordance  with  Canadian  Standards  Association  Specification 
0122-1959.  After  failure  the  specimens  were  examined  for 
wood  or  glue  failures.  Moisture  content  and  specific  gravity 
determinations  were  taken  for  each  group.  The  same  procedure 
as  described  previously  was  used  except  that  an  average  of 
three  specimens  was  the  basis  for  the  reported  values. 


CHAPTER  IV 


BEAM  SPECIMENS 

4- 1  Types  and  Fabrication 

The  beams  were  fabricated  in  separate  groups  as 
described  in  FIGURE  4.1  and  TABLE  IV- 1.  Each  beam,  consisting 
of  8-3/4  inch  laminations  of  Grade  B,  Douglas  Fir  stock,  had 
a  cross  section  of  approximately  3"  x  6"  and  an  overall  length 
of  6 ' -2 . 

To  ensure  consistency  the  material  was  graded  into 
four  groups  according  to  specific  gravity.  The  beams  were 
laminated  with  the  most  dense  wood  at  the  plane  of  delamination,, 
with  density  decreasing  with  distance  from  the  delamination. 

The  lumber  for  the  entire  group  was  selected  for  quality  and 
spot  moisture  contents  taken. 

Each  group  of  specimens  was  first  assembled  "dry". 

The  artificial  delamination  was  formed  at  this  time  by 
stapling  waxed  paper  to  the  two  laminations  in  contact  on  the 
delamination  line.  Casein  glue  was  then  applied  by  a  mechan¬ 
ical  spreader  except  near  the  delaminating  paper  where  the 
glue  was  applied  with  a  brush.  The  beams  were  assembled  in 
jigs  and  a  pressure  of  approximately  125  psi.  applied. 


* 
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TABLE  IV-1 
BEAM  TEST  SPECIMENS 


Series 

Number  of 

Total  Delam. 

Delamination  Position 

Specimens 

Length  (ft.) 

Vertical  Horizontal 

00 

13 

0.0 

X405 

10 

0.5 

1/2  depth 

midspan 

X41A 

10 

1.0 

X41B 

10 

1.0 

X42A 

10 

2.0 

X42B 

10 

2.0 

X42  5 

10 

2.5 

X43A 

10 

3.0 

X43B 

10 

3.0 

X435 

2 

3.5 

X44 

10 

4.0 

X60 

4 

0.0 

X61 

10 

1.0 

3/4  depth 

midspan 

X62 

10 

2.0 

X63 

10 

3.0 

X64 

10 

4.0 

X21 

10 

o 

• 

• — 1 

1/4  depth 

midspan 

X22 

10 

2.0 

X2  3 

10 

3.0 

X24 

10 

4.0 

Y41 

10 

1.0 

1/2  depth 

ends  symm. 

Y42 

10 

o 

• 

CM 

Y44 

10 

4.0 

Z42 

10 

2.0 

1/2  depth 

ends  antisym. 

Z44 

10 

4.0 

■ 

. 
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BEAM  SPECIMENS 


SYM. 


GROUP  X4 


r 


GROUP  X2 


SYM. 


- 61 

=2 

<N 


a 


GROUP  X6 


—  3" 

6-2 

GROUP  Z4 


SYM. 


GROUP  Y4 


FIGURE  4.1 


28 


To  ensure  a  uniform  clamping  pressure  and  to  prevent  warpi^  7 
of  the  beams  a  number  of  tension  tie  rods  were  used  and  the 
clamping  pressure  was  increased  very  gradually.  PLATE  4.1  A 
shows  the  mechanical  spreader  and  PLATE  4.1  B  shows  the  jigs. 

After  24  hours  the  clamps  were  removed  and  the  beams 
were  planed  to  the  required  cross  section  and  cut  to  length. 
The  beams  were  then  wrapped  in  polyethylene  until  tested. 


[A]  MECHANICAL  GLUE  SPREADER  [B]  BEAM  ASSEMBLY  JIGS 


CHAPTER  V 


BEAM  TESTING 


5- 1  Loading  System 

The  beams  were  mounted  on  two  hinged  bearing  blocks 
in  a  rectangular  loading  frame  (FIGURE  5.1).  The  center  to 
center  span  was  set  at  6'-0.  A  roller  system  (FIGURE  5.2) 
was  placed  on  one  of  these  bearing  blocks.  Load  was  trans¬ 
mitted  to  the  beams  through  a  3/8  inch  thick  plate  4  incher 
wide  placed  at  the  beam's  centerline.  The  edges  of  the  plate 
were  rounded  slightly  lo  prevent  "digging  in"  as  the  curv¬ 
ature  increased. 

In  the  tests  conducted  in  the  summer  of  1962  a 
Blackhawk  hydraulic  pump  and  jack  system  was  used.  Load  was 
determined  by  a  five  ton  Kyowamusen  LC-5  load  cell  and  a 
Kyowamusen  SLW-210PA  self  balancing  strain  indicator.  When 
Amsler  jacking  equipment  became  available  it  was  used.  This 
equipment  consisted  basically  of  a  pressure  control  unit 
with  a  load  indicator,  and  a  hydraulic  jack.  With  this 
system  the  load  could  be  read  accurately  to  20  pounds. 

PLATE  5.1  indicates  the  two  loading  systems  used. 
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BEAM  TESTING  APPARATUS 


FIGURE  5.1 
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[A]  LOADING  FRAME  AND  BLACKHAWK  JACKING  EQUIPMENT 


[B]  LOADING  FRAME  AND  AMSLER  JACKING  EQUIPMENT 


PLATE  5.1 
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5-2  Instrumentation 

Deflection  dials  reading  to  0.001"  were  mounted 
above  the  beam  at  one  foot  intervals  along  the  six  foot  span. 
FIGURE  5.3  gives  details  of  the  deflection  dial  mounting 
arrangement.  Centerline  deflection  against  load  was  also 
obtained  on  the  recording  drum  of  the  Amsler  equipment 

5- 3  Procedure 

The  beam  was  subjected  to  a  load  of  approximately 
150  pounds  and  initial  deflection  readings  were  taken.  Load 
was  then  applied  at  a  rate  of  about  250  pounds  per  minute. 

(A  uniform  rate  of  loading  was  difficult  to  obtain  with  the 
Blackhawk  jacking  equipment.)  At  each  500  pound  load  in¬ 
crement  deflection  readings  were  taken.  After  the  load 
deflection  curve  became  non-linear  the  load  was  held  for 
approximately  seven  to  eight  minutes  before  deflections  were 
read.  After  the  initial  failure  all  the  gauges  except  the 
centerline  gauge  were  removed.  Loading  was  continued  at  a 
constant  rate  of  approximately  250  pounds  per  minute  until 
the  final  failure  occurred.  Deflection  readings  were  taken 


every  500  pounds  as  before. 


Sketches  of  the  initial  and  final 
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failure  were  drawn  for  each  beam.  After  the  final  failure 
the  beam  was  removed  from  the  testing  frame  and  moisture  con¬ 
tent  and  specific  gravity  samples  were  cut. 


CHAPTER  VI 


BLOCK  SHEAR  TEST  RESULTS 

The  block  shear  test  results  are  presented  in  TABLE 
VI-1A  and  TABLE  VI-lB.  A  statistical  analysis  (APPENDIX  B) 
was  performed  on  this  data  using  an  IBM  1620  digital  computer. 
The  results  of  this  analysis  are  summarized  in  TABLES  VI-2 
and  3.  These  results  are  presented  graphically  for  the  fol¬ 
lowing  relations: 

1.  Shear  plane  in  the  wood 

(a)  Shear  stress  vs.  specific  gravity  (FIGURE  6.1) 

(b)  Shear  stress  vs.  moisture  content  (FIGURE  6.2) 

2.  Shear  plane  on  the  glue  line 

(a)  Shear  stress  vs.  specific  gravity  (FIGURE  6.3) 

(b)  Shear  stress  vs.  moisture  content  (FIGURE  6.4) 

(c)  Shear  stress  vs.  specific  gravity  (FIGURE  6.5) 

(d)  Shear  stress  vs.  shear  area  (FIGURE  6.6) 

Failure  planes  of  blocks  with  delamination  are  shown 
in  PLATE  6.1A.  PLATE  6.1B  indicates  failure  planes  of  blocks 
with  the  shear  plane  in  the  wood. 

The  shear  stress  used  in  plotting  the  above  relation¬ 
ships  was  obtained  by  using  the  actual  measured  area  for  each 
block.  FIGURE  6.3  is  a  plot  of  mean  shear  stress  for  a  par¬ 
ticular  group  versus  the  density  for  that  group.  FIGURE  6.5 
is  a  plot  of  mean  shear  stress  for  a  particular  delamination 
length  versus  the  mean  density  for  that  delamination  length. 
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TABLE  VI- 1A 


BLOCK 

SHEAR  DATA 

FOR  GLUELINE 

SHEAR  PLANE 

Specimen 

Shear 

Shear 

Specific 

Moisture 

Number 

Area 

Stress 

Gravity 

Content 

(in2) 

(psi) 

% 

Al-1 

0.61 

1660 

.  588 

10.5 

1-2 

0.71 

1637 

2-1 

1.28 

1289 

2-2 

1.16 

1358 

3-1 

1.85 

1926 

3-2 

1.83 

1844 

4-1 

2.43 

1574 

CM 

1 

2.45 

1439 

5-1 

3.02 

1962 

5-2 

2.90 

1889 

Bl-1 

0 . 66 

1761* 

.  588 

10.3 

1-2 

0 . 66 

1581* 

2-1 

1.27 

1063* 

2-2 

1.27 

709* 

i — i 

i 

CO 

1.82 

1154 

3-2 

1.82 

2534 

4-1 

2.48 

2480 

4-2 

2.48 

2450 

i-H 

1 

IT) 

3.05 

2459 

5-2 

3.05 

2459 

Cl-1 

0.74 

1622* 

.549 

9.9 

1-2 

0.62 

1149 

2-1 

1.31 

1517 

2-2 

1.27 

1683 

3-1 

1.76 

1450 

3-2 

1.89 

190r 

4-1 

2.45 

162  . 

4-2 

2.42 

1922 

5-1 

3.01 

1495 

5-2 

2.93 

1920 

* 


Indicates  splitting  before  being  tested  and  was  not  included 
in  statistical  analysis. 
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TABLE  VI- 1A  (continued) 

BLOCK  SHEAR  DATA  FOR  GLUELINE  SHEAR  PLANE 


Specimen 

Number 

Shear 

Area 

(in2) 

Shear 

Stress 

(psi) 

Specific 

Gravity 

Moisture 

Content 

% 

Dl-1 

0.68 

2702 

.622 

10.9 

1-2 

0.76 

2615 

2-1 

1.27 

2303 

2-2 

1.27 

2185 

3-1 

1.80 

1854 

3-2 

1.74 

2198 

4-1 

2.48 

1784 

4-2 

2.48 

1875 

5-1 

3.05 

1660 

5-2 

3.05 

1426 

El-1 

1-2 

2-1 

2-2 

3-1 

3- 2 

4- 1 

4- 2 

5- 1 

5-2 

0.70 

0.60 

1.21 

1.25 

1.76 

1.80 

2.38 

2.34 

2.99 

2.99 

2250 

2500 

2882 

1650 

1619 

2354 

2269 

2436 

2082 

2232 

.  591 

9.7 

Fl-1 

0.75 

900* 

.  584 

10.9 

1-2 

0.63 

1667* 

2-1 

1.28 

1465* 

2-2 

1.20 

1063* 

3-1 

1.77 

1012* 

3-2 

1.89 

1468 

4-1 

2.33 

2159 

4-2 

2.41 

2163 

5-1 

3.00 

1963 

5-2 

2.92 

2029 

* 


Indicates  splitting  before  being  tested  and  was  not  included 
in  statistical  analysis. 
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TABLE  VI- IB 

BLOCK  SHEAR  DATA  FOR  SHEAR  PLANE  IN  THE  WOOD 


Specimen 

Number 

Shear 

Area 

(in2) 

Shear 

Stress 

(psi) 

Specific 

Gravity 

Moisture 

Content 

% 

G-l 

2.87 

2561 

.635 

11.1 

2 

2.91 

2397 

3 

2.89 

2310 

4 

2.98 

2517 

5 

2.91 

2500 

6 

2.91 

2577 

7 

2.89 

2595 

8 

2.87 

2613 

9 

2.89 

2621 

10 

2.89 

2414 

H-l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2.94 

2.96 

2.94 

2.94 

2.94 

2.94 

2.94 

2.94 

2.94 

2.94 

1786 

2318 

2487 

2372 

2360 

2372 

2079 

2143 

2117 

2411 

.622 

11.3 

1-1 

2.92 

1515 

.518 

9.9 

2 

2.94 

1480 

3 

2.94 

1760 

4 

2.94 

1735 

5 

2.90 

1914 

6 

2.94 

1837 

7 

2.92 

1939 

8 

2.94 

1531 

9 

2.94 

1786 

10 

2.94 

1620 
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TABLE  VI- IB  (continued) 


BLOCK 

SHEAR  DATA 

FOR  SHEAR 

PLANE  IN  THE  WOOD 

Specimen 

Number 

Shear 

Area 

(in2) 

Shear 

Stress 

(psi) 

Specific 

Gravity 

Moisture 

Content 

% 

J-l 

2.94 

2219 

.492 

10.6 

2 

2.94 

1888 

3 

2.92 

1875 

4 

2.90 

1991 

5 

2.94 

2143 

6 

2.94 

1990 

7 

2.96 

1938 

8 

2.94 

2219 

9 

2.94 

2258 

10 

2.92 

2055 

K-l 

2.94 

1735 

.411 

9.4 

2 

2.94 

1569 

3 

2.94 

1786 

4 

2.94 

1709 

5 

2.94 

1709 

6 

2.92 

1721 

7 

2.94 

1722 

8 

2.94 

1735 

9 

2.94 

1786 

10 

2.94 

1799 

f. 
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TABLE  VI- 2 

BLOCK  SHEAR  STATISTICAL  ANALYSIS  RESULTS 
MEANS  AND  STANDARD  DEVIATIONS 


Specimen 

Type 


Shear  Stress 
(psi) 


Specific  Moisture 

Gravity  Content  % 


A  Mean  1658  0.588 

Std.Dev.  (243) 


10.5 


B 


2256  0.588  10.3 

(541) 


C 


1682  0.549  9.9 

(190) 


D 


2060  0.622  10.9 

(412) 


E 


F 


G 


H 


I 


J 


K 


2227  0.591  9.7 

(378) 

1956  0.584  10.9 

(286) 

2510  0.635  11.1 

(105) 

2245  0.622  11.3 

(211) 

1710  0.518  9.9 

(169) 

2058  0.492  10.6 

(143) 


1727  0.411 

(65) 


9.4 
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TABLE  VI- 2  (continued) 


Specimen 

Type 


Shear  Stress 
(psi) 


Specific 

Gravity 


Shea',  "•.rot 
2 

x  n  o  - 


1 

2 


Mean 

Std.  Dev. 


3 

4 


2141 

0.593 

0.69 

(489) 

(0.025) 

(0.06) 

1858 

0.588 

1.27 

(550) 

(0.028) 

(0.03) 

1815 

0.586 

1.82 

(415) 

(0.026) 

(0.05) 

2051 

0.580 

2.42 

(390) 

(0.017) 

(0.05) 

1958 

0.588 

3.04 

(363) 

(0.024) 

(0.05) 

5 
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TABLE  VI- 3 

BLOCK  SHEAR  STATISTICAL  ANALYSIS  RESULTS 
EQUATIONS  OF  BEST  FIT  STRAIGHT  LINES 
AND  CORRELATION  COEFFICIENTS 


Plot  Group  Slope  Intercept  Correlation 


Coefficient 


Shear  stress 
at  failure  vs 

ia 

3.092 

Ksi/1 . 0 

0.394 

Ksi 

0.85 

specific 

?b 

5.502 

-1.277 

0.50 

gravity 

3C 

6.489 

-1.845 

0.19 

Shear  stress 

at  failure  vs 

1 

0.386 

Ksi/% 

-1.984 

Ksi 

0.90 

moisture 

content 

2 

-0.057 

2.545 

0.087 

Shear  stress 
at  failure  vs 
shear  plane 

3 

-0.021 

Ksi/in2 

2.020 

Ksi 

0  0 

area 

a  Includes  all  of  wood  shear  plane  specimens 
b  Includes  all  of  glueline  shear  specimens 

c  Includes  all  glueline  shear  specimens  grouped  with  respect 
to  shear  area 
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FIGURE  6.1 
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FIGURE  6.2 
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[A]  TYPICAL  FAILURES  IN  DELAMINATED  SHEAR  BLOCKS 


[B]  TYPICAL  WOOD  SHEAR  PLANE  FAILURES 


PLATE  6.  I 


CHAPTER  VII 


BEAM  TEST  RESULTS 

The  results  of  the  beam  tests  are  summarized  in 
TABLE  VI I- 1.  A  computer  program  (APPENDIX  C)  was  written 
to  obtain  a  statistical  analysis  of  these  results.  The 
results  of  the  statistical  analysis  are  listed  in  TABLES 
VII- 2  and  3.  A  graphical  presentation  of  results  is  as 
follows : 

1.  Load  at  initial  failure  vs.  delamination  length 
(FIGURES  7.1  to  7.4) 

2.  Shear  stress  at  initial  failure  vs.  delamination 
length  (FIGURES  7.5  to  7.8) 

3.  Deflection  at  failure  vs.  delamination  length 
(FIGURES  7.9  to  7.12) 

4.  Summary  plots  of  load,  shear  and  deflection  vs. 
delamination  length  (FIGURES  7.13  to  7.16) 

5.  Load  at  initial  failure  vs.  deflection  (FIGURES 
7.17  to  7.20) 

6.  Shear  stress  at  initial  failure  vs.  specific 
gravity  (FIGURES  7.21  to  7.24) 

7.  Shear  stress  at  initial  failure  vs.  moisture 


content  (FIGURES  7.25  to  7.28) 


50 


8.  Load  vs.  deflection*  for  one  beam  in  each  series 
(FIGURES  7.29  to  7.34) 

The  best  fit  straight  line  and  correlation  coefficient 
R  are  included  on  each  plot. 

PLATES  7.1  and  7.2  show  typical  failures  for  the  dif¬ 
ferent  positions  of  delamination.  PLATE  7 . 3A  gives  an  indica¬ 
tion  of  the  amount  of  displacement  that  is  present  between  the 
two  beam  segments  when  a  shear  failure  occurs.  A  close-up  of 
a  final  tension  failure  in  which  the  bottom  lamination  "peeled 
back"  along  the  glueline  is  shown  in  FIGURE  7.3B.  PLATE  7 . 4A 
shows  the  upper  and  lower  halves  of  a  beam  acting  indepen¬ 
dently  at  final  failure.  This  plate  also  typifies  a  brittle 
type  of  tension  failure.  A  typical  beam  shear  failure  plane 
is  shown  in  PLATE  7.4B. 


*  Load-deflection  curves  for  every  beam  tested  are  available 
at  the  Department  of  Civil  Engineering,  University  of  Alberta 
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TABLE  VII- 1  (continued) 
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TABLE  VI I- 3 

BEAM  STATISTICAL  ANALYSIS  RESULTS 
EQUATIONS  OF  BEST  FIT  STRAIGHT  LINES 
CORRELATION  COEFFICIENTS 


Correlation 


Plot  Group 

Slope 

Intercept 

Coefficient 

Load  at 

ia 

-1.420  Kips/ft 

9.521  Kips 

0.96 

initial  failure 
vs.  delamina- 

2b 

-0.752 

9.778 

0.97 

tion  length 

3C 

-1.936 

12.835 

0.99 

4d 

-1.584 

8.486 

0.89 

Shear  Stress 

1 

10.8  psi/ft 

395  psi 

0.35 

at  Initial 
failure  vs. 

2 

89.5 

222 

0.95 

delamination 

length 

3 

15.2 

386 

0.99 

4 

-19.6 

357 

0.40 

Deflection  at 

1 

-0.225  in/ft 

1.24  in 

0.95 

initial  failure 
vs.  delamination 

2 

-0.127 

1.25 

0.91 

length 

3 

-0.229 

1.38 

0.99 

4 

-0.114 

0.85 

0.72 

Deflection  one 

1 

-0 . 191  in/ ft 

1.07  in 

0.97 

increment  be¬ 
fore  initial 

2 

-0.108 

1.08 

0.92 

failure  vs. 
delamination 

3 

-0.211 

1.26 

0.99 

length 

4 

-0.113 

0.76 

0.72 

69 


TABLE  VII- 3  (continued) 


Correlation 


Plot 

Group  Slope 

Intercept 

Coefficient 

Load  at 
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4.940  Kips/in  2.812 

kips 

0.89 

initial  failure 
vs.  deflection 
at  initial 
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3.930 

4.241 

0.96 

failure 
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7.314 

2 . 028 

0.99 
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8.898 

-0.567 

0.95 

Load  at 
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9.959  Kips/in  2.592 
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0.92 

initial  failure 
vs.  deflection 
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4.744 

4.051 

0.96 

before  initial 
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8.534 

1.704 

0.99 

failure 
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9.424 

-0.104 

0.95 

Shear  stress 
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495  psi/1.0 

142  psi 

0.56 

at  initial 

failure  vs 

2  - 

2638 

1997 

0.84 

specific 

gravity 
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107 

365 

0.73 
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986 

-275 

0.54 

Shear  stress 
at  initial 

1 

10.6  psi/% 

286  psi 

0.37 

failure  vs 

moisture 

2 

54.9 

-22.5 

0.62 

content 

3 

-1.47 

446 

0 . 66 

4 

-6.2 

381 

0.30 

a 

Includes  all 

of 

X40  '  s 

b 

Includes  all 

of 

X60  '  s 

c 

Includes  all 

of 

X20  '  s 

d 

Includes  all 

of 

Y40 1 s  and 

Z40  ' 

s 
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LOAD  AT  INITIAL  FAILURE  kips 
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LOAD  AT  INITIAL  FAILURE 
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DELAMINATION  LENGTH  [felt} 

FIGURE  7.3 
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SHEAR  STRESS  AT  INITIAL  FAILURE 
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DEFLECTION  AT  FAILURE 
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[A]  TYPICAL  INITIAL  SHEAR  FAILURE  OF  BEAM 
WITH  DELAMINATION  AT  CENTERLINE 


[B]  TYPICAL  FINAL  TENSION  FAILURE  OF  BEAM 
WITH  DELAMINATION  AT  CENTERLINE 


PLATE  7. 1 


-  101  - 


[A]  TYPICAL  INITIAL  SHEAR  FAILURE  OF  BEAM 

WITH  END  DELAMINATION 


[B]  TYPICAL  FINAL  SHEAR  FAILURE  OF  BEAM 

WITH  END  DELAMINATION 
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[A]  LONGITUDINAL  MOVEMENT  AFTER  SHEAR  FAILURE 


[B]  CLOSEUP  OF  FINAL  TENSION  FAILURE 
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[A]  UPPER  AND  LOWER  HALVES  OF  BEAM  ACTING 
INDEPENDENTLY  AT  FINAL  FAILURE 


[B]  CLOSEUP  OF  TYPICAL  BEAM  SHEAR  PLANE 
AND  DELAMINATING  PAPER 


PLATE  7.4 


CHAPTER  VIII 


DISCUSSION 


8- 1  General 

AH  of  the  variables  that  were  analysed  are  dis¬ 
cussed  in  this  chapter.  The  results  and  discussion  relating 
to  FIGURES  7.1  to  7.20  are  of  major  significance.  FIGURES 
6.1  to  6.6  and  7.21  to  7.28  represent  results  which  are 

inconclusive  but  these  are  presented  for  the  sake  of  com¬ 
pleteness  . 

8- 2  Analysis  of  Block  Shear  Data 

Fifty  block  shear  samples  were  assembled  so  as  to 
fail  along  a  shear  plane  in  the  wood.  The  specific  gravity 
of  these  samples  varied  from  0.411  to  0.635.  FIGURE  6.1 
indicates  that  the  shear  strength  increases  as  the  specific 
gravity  of  the  wood  increases.  The  correlation  coefficient 
(R  =  0.85)  indicates  that  this  straight  line  plot  is  a  good 
approximation  to  the  trend.  FIGURE  6.2  indicates  that  there 
is  a  high  correlation  (R  =  0.90)  between  shear  stress  and 
moisture  content.  However,  the  relationship  contradicts  a 
well  established  fact  that  shear  stress  increases  as  moisture 
content  decreases  as  long  as  the  moisture  content  is  below 
the  fibre  saturation  point.  The  reason  for  the  contradiction 
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is  probably  that  only  a  very  small  range  of  moisture  contents 
was  examined.  On  the  other  hand  the  range  in  specific  gravity 
was  much  greater  and  the  results  can  be  considered  more 
indicative  of  a  trend.  However,  the  results  could  only  be 
interpreted  as  indicating  a  possible  trend  because  so  few 
samples  were  tested. 

Sixty  block  shear  samples  were  assembled  containing 
varying  amounts  of  delamination  on  the  glueline  shear  plane. 
Because  these  samples  were  selected  keeping  both  the  specific 
gravity  and  the  moisture  content  as  constant  as  possible,  very 
little  significance  can  be  attached  to  any  relation  between 
these  properties  and  the  shear  strength.  However,  there  is 
a  trend  to  increasing  shear  strength  as  the  specific  gravity 
increases  (FIGURE  6.3)  although  the  correlation  (R  =  0.50) 
is  not  very  high.  The  relationship  between  moisture  content 
and  shear  stress  (FIGURE  6.4)  has  virtually  no  correlation 
(R  =  0.087) ,  but  the  slope  of  the  line  in  this  case  is  in 

agreement  with  previous  findings. 

FIGURE  6.5  is  again  a  plot  of  shear  stress  vs. 
specific  gravity.  However,  in  this  case  the  samples  were 
grouped  with  respect  to  the  amount  of  delamination  present. 
This  plot  should  be  a  vertical  straight  line.  For  every  shear 
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plane  area  the  test  results  of  two  samples  from  each  of  the 
six  groups  were  used  to  obtain  mean  values  of  shear  stress  and 
specific  gravity.  The  mean  specific  gravity  would  be  the  same 
for  all  five  shear  areas.  However,  for  certain  shear  plane 
areas,  when  splitting  of  the  block  occurred  before  testing, 
these  blocks  were  excluded  from  the  analysis.  In  these  cases 
the  mean  specific  gravity  is  different  from  that  obtained 
from  the  12  samples,  and  a  deviation  from  a  vertical  line 
results . 

FIGURE  6.6  indicates  that  although  the  correlation 
is  low  (R  =  0.20)  there  is  a  trend  for  the  shear  strength 
to  decrease  as  the  shear  area  increases.  This  trend  would 
be  expected  for  a  brittle  material  in  which  the  distance 
between  load  points  was  great  enough  to  prevent  yielding 
along  the  entire  shear  plane  before  a  limiting  strain  was 
reached  at  the  loaded  ends.  In  an  elastic  material  the 
stress  distribution  along  the  shear  plane  would  indicate 
maximum  stress  at  the  two  ends  and  a  minimum  stress  midway 
between  the  load  points.  If  loading  continued  until  yielding 
occurred  the  stress  at  that  plane  would  be  taken  by  the  por¬ 
tion  of  the  plane  which  had  not  yielded.  Just  prior  to 
failure  the  stress  distribution  would  be  a  maximum  value  along 
the  entire  shear  surface.  In  a  brittle  material,  if  the 
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distance  between  load  points  was  great  enough,  failures  would 
occur  at  the  ends  before  the  stresses  could  be  distributed 
over  the  central  portion  of  the  shear  plane.  For  a  brittle 
material  the  total  shear  plane  area  would  not  be  a  good  in¬ 
dication  of  the  area  which  was  resisting  shear  if  a  limiting 
strain  was  reached  before  yielding  occurred  over  the  entire 
section.  This  effect  might  be  a  factor  in  the  trend  obtained 
in  FIGURE  6.6. 

A  comparison  of  the  shear  strengths  on  the  glue  line 
and  in  the  wood  can  also  be  made.  From  FIGURE  6.5  the  mean 
specific  gravity  is  about  0.585  and  the  corresponding  shear 
strength  is  2000  psi.  From  FIGURE  6.1  the  shear  strength 
obtained  for  the  same  specific  gravity  is  about  2200  psi. 

If  can  be  concluded  that  on  the  basis  of  these  tests  there 
appears  to  be  no  difference  in  strength  between  glueline 
and  wood  plane  failures.  The  average  shear  strength  obtained 
from  block  shear  specimens  of  Douglas  Fir  with  a  specific 
gravity  of  0.50  is  approximately  1050  psi  (Technical  Bulletin 
1069,  United  States  Department  of  Agriculture).  This  shear 
stress  value  is  considerably  lower  than  the  value  obtained  in 
these  present  tests.  The  sample  tested  had  a  higher  specific 
gravity  (0.58)  than  the  average  reported  value  (0.50)  and 
could  explain  the  higher  shear  strengths  obtained  in  these 


tests . 
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Although  certain  trends  have  been  noted  from  these 
test  results ,  little  significance  can  be  attached  to  them. 

8- 3  Analysis  of  Beam  Failures 

The  introduction  of  delamination  produced  initial 
shear  failures  in  most  beam  series.  The  control  series  00 
which  had  no  delamination,  did  not  fail  in  shear. 

It  was  observed  that  for  the  beams  of  group  1  a 
separation  formed  at  the  line  of  delamination  as  loading 
progressed.  This  separation  appeared  to  form  because  the 
top  portion  of  the  beam  bowed  upward  and  away  from  the  de¬ 
lamination  while  the  bottom  half  of  the  beam  bowed  downward 
and  away  from  the  delamination.  In  the  majority  of  cases 
this  separation  extended  for  the  length  of  the  delamination. 

At  high  loads  (8500  pounds  or  more)  this  separation  closed 
at  the  load  point.  This  bowing  effect  tended  to  produce  a 
splitting  action  at  the  ends  of  the  delamination  which  initiated 
the  shear  failure.  The  initial  failure  usually  occurred  after 
the  load  was  held  constant  for  a  few  minutes.  Just  prior  to 
failure  the  deflections  would  increase  rapidly.  The  final 
failures  were  generally  in  tension. 

Group  2  initial  shear  failures  also  appeared  to  be 
initiated  by  this  splitting  action.  In  this  group  the  separation 
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was  not  continuous,  but  was  closed  at  the  load  point  at  all 
loads  with  a  maximum  width  of  separation  midway  between  the 
load  point  and  the  outer  ends  of  the  delamination.  In  most 
cases  an  increase  in  the  delamination  length  of  one  to  two 
inches  due  to  splitting  occurred  before  the  initial  failure 
took  place.  The  initial  failure  generally  occurred  after  the 
load  had  been  held  for  some  time  and  as  in  group  1  specimens 
the  deflection  increased  rapidly  just  prior  to  failure.  Again 
the  final  failure  was  usually  in  tension. 

Group  3  shear  failures  were  also  typified  by  a 
splitting  action.  In  this  case  the  maximum  width  of  separation 
was  generally  located  approximately  6  inches  inside  the 
outer  ends  of  the  delamination.  The  initial  shear  failures 
and  final  failures  were  similar  to  those  for  groups  1  and  2. 
However,  many  beams  is  series  X21  could  not  be  loaded  to  failure. 
This  was  largely  due  to  uneven  crushing  at  the  supports  at 
high  loads  resulting  in  the  beams  buckling  laterally.  Several 
of  these  beams  were  ejected  from  the  testing  frame  as  a  result 
of  this  buckling. 

It  was  noted  that  although  beam  series  Z42  and  Z44  were 
not  delaminated  symmetrically  the  shear  failure  almost  in¬ 
variably  occurred  at  the  end  where  the  delamination  extended 
to  the  end  of  the  beam  and  the  characteristics  of  the  initial 


•e. 


110 


failures  were  similar  to  those  of  Y  series.  For  this  reason 
the  Y  and  Z  series  were  grouped  together  as  group  4.  Sudden 
shear  failures  were  produced  in  series  Y41.  Shear  failures 
which  seemed  to  progress  along  the  glued  surface  before  the 
load  actually  dropped  off  were  produced  in  series  Y42  and  Z42. 
After  the  failure,  as  the  load  again  .increased,  the  shear 
plane  progressed  inward  until  it  reached  or  extended  slightly 
past  the  beam  centerline.  The  final  failure  was  either  shear 
at  the  other  end  or  tension.  In  beam  series  Y44  and  Z44  ini¬ 
tial  shear  failures  were  very  difficult  to  detect  as  the 
failure  was  a  gradual  slipping.  Because  the  failure  usually 
occurred  while  a  load  increment  was  being  applied  this  was 
difficult  to  detect.  In  some  cases  the  load  did  drop  off 
slightly  after  a  considerable  amount  of  slip  had  occurred. 

The  final  failure  was  usually  a  shear  failure  extending  towards 
the  center  from  the  end  of  the  beam  which  had  not  failed 
previously.  In  this  group  there  was  no  evidence  of  a  sepa¬ 
ration  until  after  the  initial  failure. 

8-4  Analysis  of  Beam  Test _ Resu Its 

Although  shear  failures  did  not  occur  in  every  beam 
all  beams  were  included  in  the  analysis.  If  a  shear  failure 
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did  not  occur  the  load  at  failure  was  used  to  calculate  the 
shear  stress. 

FIGURE  7.1  indicates  the  relationship  between  load  at 
initial  failure  and  delamination  length  for  group  1  specimens. 

As  would  be  expected  the  load  at  failure  decreases  as  the  amount 
of  delamination  increases.  Although  there  is  some  scatter  of 
individual  results,  the  correlation  coefficient  (R  =  0.96)  based 
on  the  mean  values  of  load  at  each  delamination  length  is 
high.  FIGURE  7.2  indicates  the  relation  of  load  at  initial 
failure  vs.  delamination  length  for  group  2.  The  load  decreases 
as  delamination  length  increases.  Although  a  correlation  co¬ 
efficient  of  0.97  is  obtained  for  a  straight  line  relationship 
it  appears  that  a  curve  would  be  a  more  appropriate  relation 
than  a  straight  line.  FIGURE  7.3  indicates  that  for  group  3 
specimens  the  load  at  initial  failure  decreases  as  the  de¬ 
lamination  length  increases.  In  this  case  a  very  high  cor¬ 
relation  (R  =  0.99)  is  obtained  and  the  straight  line  appears 
to  be  the  most  appropriate  relation.  FIGURE  7.4  indicates 
the  relation  between  load  at  initial  failure  vs.  delamination 
length  for  group  4  specimens.  The  trend  is  the  same  as  in  the 
previous  three  groups  but  the  correlation  coefficient  (R  =  0.89) 
is  not  as  high.  The  mean  values  plotted  indicate  that,  a  curve 
would  be  more  appropriate  than  the  straight  line. 
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FIGURE  7.5  is  a  plot  of  shear  stress  at  initial 
failure  vs.  delamination  length  for  group  1  specimens.  There 
is  a  trend  to  increasing  shear  stress  as  the  length  of  de¬ 
nomination  increases  but  the  correlation  is  not  very  high 
(R  =  0.35) .  Because  the  shear  stress  is  a  direct  function  of 
the  load  this  correlation  would  appear  to  conflict  with  the 
correlation  obtained  for  FIGURE  7.1.  However,  when  a 
delamination  is  present  the  factor  a/d  in  equation  1.10  puts 
more  weight  on  shear  stresses  obtained  for  the  longer  delamina¬ 
tion  lengths.  Also,  in  computing  the  shear  stress  the  measured 
cross  section  of  each  beam  was  used.  These  two  factors  change 
the  direct  relation  between  load  and  shear  stress  and  could 
account  for  the  poor  correlation  with  respect  to  shear  stress. 
FIGURE  7.6  is  a  plot  of  shear  stress  at  initial  failure  vs. 
delamination  length  for  group  2  specimens.  A  correlation 
coefficient  of  0.95  is  obtained,  but  a  curve  would  appear 
to  approximate  the  trend  more  closely.  FIGURE  7.7  is  a  plot 
of  shear  stress  at  initial  failure  vs.  delamination  length 
for  group  3.  A  very  high  correlation  (R  =  0.99)  is  obtained. 

In  both  groups  2  and  3  the  shear  stress  increases  as  the 
delamination  length  increases.  FIGURE  7.8  is  a  plot  of  shear 
stress  at  initial  failure  vs.  delamination  length  for  group  4. 


113 


A  straight  line  relationship  with  a  correlation  of  0.40  is 
obtained.  This  relation  would  indicate  a  decrease  in  shear 
stress  as  the  delamination  length  increases.  An  examination 
of  the  plot  indicates  that  a  curve  might  be  a  better  fit  to 
the  plotted  points.  This  plot  also  tends  to  indicate  that 
initially  the  shear  stress  decreases  as  delamination  length 
increases  but  at  a  certain  delamination  length  the  shear 
strength  might  increase  as  the  delamination  length  increases. 

Assuming  an  elastic  distribution  of  shear  stress 
equation  1.10  requires  that  the  load  at  initial  failure  vs. 
delamination  length  plots  for  groups  2  and  3  should  be  the 
same.  FIGURE  7.13  indicates  that  this  is  not  the  case. 

Also  the  slope  of  the  load  vs.  delamination  length  curve  for 
groups  2  and  3  should  be  steeper  than  the  slope  of  the  curve 
for  group  1.  This  is  true  only  for  group  3.  FIGURE  7.14 
indicates  that  the  shecir  stress  at  initial  failure,  as  cal¬ 
culated  by  elastic  theory,  is  similar  for  groups  1  and  3. 
However,  the  group  2  shear  stress  at  failure  is  not  in  agree¬ 
ment  with  groups  1  and  3.  Further  the  shear  stress  at  initial 
failure  increases  as  the  delamination  length  increases,  par¬ 
ticularly  in  group  2. 

The  relatively  small  slope  of  the  shear  stress  at 
initial  failure  vs.  dclam.ination  length  plots  for  groups  1  and 


3  could  be  caused  by  two  factors.  If  shear  failure  occurs 
at  a  limiting  strain  there  would  be  a  tendency  towards  an 
increase  in  the  calculated  failure  shear  stress  as  the  amount 
of  shear  area  decreased  (delamination  length  increased)  as 
in  the  case  of  the  delaminated  block  shear  samples.  Friction 
might  also  be  a  factor.  Assuming  that  the  friction  developed 
is  independent  of  the  area  the  friction  force  available 
would  be  a  direct  function  of  the  load  applied.  For  group  3 
the  ratio  of  load  at  failure  for  zero  delamination  to  that 
at  four  feet  of  delamination  is  approximately  2.5.  The 
ratio  of  the  corresponding  shear  areas  is  approximately  3.0. 
Therefore,  because  the  frictional  force  and  resistance 
does  not  decrease  as  rapidly  as  the  shear  area, the  frictional 
resistance  is  a  larger  factor  in  carrying  shear  as  the  de¬ 
lamination  length  increases.  The  very  large  slope  shown  in 
FIGURE  7.14  for  group  2  could  not  be  entirely  explained  by 
this  reasoning. 

The  beams  were  fabricated  in  such  a  manner  that 
the  density  of  the  laminations  decreased  as  the  distance 
from  the  delamination  increased.  Because  it  has  been  found 
that  wood  yields  in  compression  first  (FIGURE  1.4A)  and  that 
strength  is  a  function  of  density,  the  most  critical  case 
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with  respect  to  yielding  would  occur  in  group  2.  For  the 
shorter  delamination  lengths  in  this  group  a  considerable 
amount  of  compression  yielding  had  probably  occurred  at 
failure.  This  yielding  would  tend  to  move  the  plane  of 
maximum  shear  down  (FIGURE  1.4B)  .  The  actual  shear  stress 
on  a  plane  at  the  3/4  depth  would,  therefore,  be  more  than 
indicated  by  elastic  theory.  This  would  be  indicated  by  a 
low  value  of  calculated  shear  stress  as  is  the  case  (FIGURE  7.14). 
For  longer  delamination  lengths  very  little  yielding  would 
be  present  and  the  elastic  shear  stress  distribution  would 
be  valid.  However,  as  the  delamination  length  increases 
the  remaining  glued  portion  is  concentrated  close  to  the 
supports.  The  principal  compression  stresses  near  the 
support  along  with  the  direct  compression  due  to  the  re¬ 
action  would  tend  to  reduce  the  splitting  action  described 
earlier  in  the  discussion.  The  effect  of  this  might  be 
enough  to  increase  the  apparent  shear  strength  as  is  the  case 
for  the  longer  delamination  lengths. 

FIGURES  7.4  and  7.8  indicate  that  for  group  4  there 
is  a  rapid  drop  in  strength  between  a  delamination  length  of 
one  and  two  feet.  This  rapid  strength  drop  may  be  explained 
by  the  following.  When  the  delamination  is  placed  at  the  ends 
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of  a  beam  the  stiffness  is  decreased  more  than  when  the  de¬ 
lamination  is  placed  at  the  center.  This  is  because  there 
is  no  resistance  to  one  portion  of  the  beam  sliding  along  the 
other  at  the  plane  of  delamination.  For  the  one- foot  de¬ 
lamination  length  (6  inches  od  delamination  at  each  end)  the 
bearing  at  the  reactions  reduces  the  effective  amount  of  de¬ 
lamination  considerably  and  in  this  case  the  behaviour  might 
be  similar  to  a  beam  with  centerline  delamination.  The 
longer  delamination  lengths  are  not  affected  to  such  a  degree. 
In  these  cases,  because  of  the  reduced  stiffness,  deflections 
were  higher.  A  limiting  deflection  might  be  a  better  indica¬ 
tion  ot  the  load  at  failure.  Although  the  straight  line 
correlations  are  quite  high  for  load  at  initial  failure  vs. 
deflection  at  failure  (FIGURES  7.17  to  7.20) ,  groups  1  and 
4  indicate  that  at  a  deflection  of  approximately  0.5  inches 
a  change  in  slope  occurs.  Below  this  value  of  deflection 
the  slope  is  much  steeper,  indicating  a  limiting  value  of 
deflection  might  exist.  A  slight  tendency  towards  this 
trend  is  also  noted  for  group  3.  There  is  no  trend  for 
group  2,  but  in  this  case  all  failures  occurred  at  deflec¬ 
tions  of  0.6  inches  or  more.  As  would  be  expected  FIGURE 
7.9  to  7.12  indicate  a  similar  change  in  slope.  In  these 
cases  the  slope  decreases  as  the  delamination  length  increases. 
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Yielding  might  also  account  for  this  change  of  slope 
and  for  groups  1  and  3  is  probably  a  significant  factor. 

This  does  not  appear  to  be  the  case  for  Group  4.  Here  the 
intercept  of  the  best  fit  line  is  a  negative  load.  A  best 
fit  line  through  the  points  for  the  2  and  4  foot  delamination 
lengths  only  would  be  much  steeper  giving  an  even  larger 
negative  load  value  as  the  intercept.  Thus,  at  zero  load 
the  plot  indicates  that  a  deflection  would  occur.  This  would 
indicate  that  in  predicting  the  failure  load  a  limiting  de¬ 
flection  might  be  a  better  criterion  than  a  limiting  shear 
or  bending  stress. 

Because  it  was  difficult  to  obtain  the  deflection 
at  the  instant  of  failure,  the  deflection  at  the  load  in¬ 
crement  previous  to  failure  vs.  delamination  length  and  load 
were  also  plotted  (FIGURES  7.9  to  7.12  and  7.16  to  7.20). 

In  general  the  correlation  is  slightly  better  when  this 
deflection  is  used.  In  either  case  the  change  of  slope  is 
evident. 

FIGURES  7.21  to  7.24  are  plots  of  shear  stress  at 
initial  failure  vs.  specific  gravity  for  groups  1  to  4  res- 
pectively.  For  groups  1,  3  and  4  the  plots  indicate  that 

shear  strength  increases  as  specific  gravity  increases. 
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The  correlation  is  not  high  but  the  trend  exists.  The  trend 
for  group  2  is  not  in  agreement.  However,  because  the  range 
in  shear  stresses  was  so  great  for  group  2  this  influence 
would  be  much  greater  than  that  obtained  from  variation  in 
specific  gravity. 

FIGURES  7.25  to  7.28  are  plots  of  shear  stress  at 
initial  failure  vs.  moisture  content  for  groups  1  to  4  res¬ 
pectively.  FIGURES  7.25  to  7.26  indicate  an  increase  in  shear 
strength  with  an  increase  in  moisture  content.  FIGURES  7.27 
and  7.28  indicate  an  increase  in  shear  strength  with  a 
decrease  in  moisture  content.  In  all  cases  the  correlation 
is  quite  low. 

Very  little  can  be  concluded  from  the  plots  of 
shear  stress  vs.  specific  gravity  or  shear  stress  vs. 
moisture  content.  This  is  due  to  the  small  range  of 
specific  gravities  and  moisture  contents  studied  and  because 
other  variables  influenced  the  shear  strength  more.  Because 
of  the  small  range  in  these  two  properties,  no  attempt 
was  made  to  modify  the  calculated  shear  stress  of  the  beams. 

The  effect  of  splitting  action  observed  in  many  of 
the  beams  is  indicated  on  the  load  deflection  plots.  The 
centerline  deflection  increased  very  nearly  linearly 
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with  load  until  yielding  occurred.  The  deflection  at  one 
foot  and  two  feet  from  the  centerline  gave  load  deflection 
plots  which  in  most  cases  were  concave  up  until  near  yielding 
where  a  transition  to  concave  down  occurred.  This  would 
indicate  that  as  load  increased  the  rate  of  upward  deflect ion 
of  the  portion  of  the  beam  above  the  delamination  increased 
as  the  downward  rate  of  deflection  remained  constant.  After 
yielding  the  rate  of  increase  of  downward  deflection  would 
be  greater  than  the  upward  deflection.  The  "S  curve"  would 
result . 

The  correlation  between  the  block  shear  and  beam 
shear  test  results  was  not  good.  The  shear  stresses  obtained 
from  the  block  shear  tests  were  approximately  five  times 
the  shear  stresses  obtained  from  the  beam  tests.  Other 
investigators  have  obtained  block  shear  stresses  of  ap¬ 
proximately  three  times  the  shear  stresses  obtained 
in  beam  tests.  The  difference  in  the  two  ratios  is  largely 
due  to  difference  in  block  shear  strengths.  It  appears 
that  although  specific  gravity  has  an  effect  on  the  shear 
strength ,  it  is  much  more  significant  in  block  shear  tests 


than  it  is  in  beam  tests. 
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The  results  of  these  tests  indicate  that  the  position 
of  the  delamination  as  well  as  the  length  of  the  delamination 
are  significant  factors  in  the  strength  of  a  glulam  member. 

End  delaminations  have  the  most  detremental  effect  on  the 
strength.  The  position  of  the  laminations  in  a  beam,  if  the 
laminations  have  variations  in  specific  gravity,  appear  to 
affect  the  distribution  of  bending  and  shear  stresses.  In 
commercially  manufactured  beams  the  usual  method  of  grading 
places  the  higher  grades  of  wood  at  the  outer  surfaces  of  the 
beam.  For  these  conditions  compression  yielding  is  reduced 
to  a  minimum.  A  centerline  delamination  occurring  at  the 
mid-depth  would  be  more  detremental  to  the  load  carrying 
capacity  than  a  delamination  at  the  1/4  or  3/4  depth  in 
this  case.  The  test  results  obscured  this  finding  because 
the  position  of  the  most  dense  wood  was  varied. 


CHAPTER  IX 


CONCLUSIONS 

The  most  significant  conclusions based  on  the  results 
this  investigation  are  summarized  as  follows: 

(1)  Both  the  position  of  the  delamination  and  the 
length  of  the  delamination  are  significant  factors 
in  the  load  carrying  capacity  of  a  glulam  beam. 

(2)  The  load  carrying  capacity  of  a  glulam  beam  is 
reduced  more  by  end  delaminations  than  by  interior 
delaminations . 

(3)  The  load  carrying  capacity  of  a  glulam  beam  is 
reduced  more  for  a  centerline  delamination  at 
mid-depth  than  for  a  centerline  delamination  at 
the  1/4  or  3/4  depth  for  a  beam  composed  of 
laminations  of  similar  specific  gravity. 

(4)  Laminations,  which  have  variations  in  specific 
gravity,  affect  the  elastic  distribution  of 
bending  and  shear  stress  in  glulam  beams. 

(5)  No  direct  comparison  may  be  made  between  the 
shear  stress  obtained  from  block  shear  tests  and 


beam  shear  tests. 


REFERENCES 


1.  Beghtel,  S.C.  and  Norris,  C.B.,  "Strength  of  Wood  Beams 
of  Rectangular  Cross  Section  As  Affected  by  Span-Depth 


Ratio  " 

Forest  Products  Lab. 

Rept.  No. 

1910, 

1952. 

Doyle , 

D.V.  ,  McBurney,  R.  S. 

and  Drow, 

J.  T.  , 

"The  Elastic 

Properties  of  Wood"  Forest  Products  Lab.  Rept.  Nos.  1528 
D  and  E,  1946. 

3.  Kenney,  J.F.  and  Keeping,  E.S.,  "Mathematics  of  Statistics 
Part  One,  D.  Van  Nostrand  Company,  Inc. ,  Princeton,  New 
Jersey,  1954. 

4.  Longworth,  J.  and  Stieda,  C.K.A.,  "Strength  Studies  of 

Scarf  Joints  in  Laminated  Wood  Beams"  Special  Technical 
Publication  No.  282,  A.S.T.M.,  1959. 

5.  Meadows,  J.C.  Jr.,  "Longitudinal  Shear  in  Wooden  Beams" 
Forest  Products  Journal,  September,  1956. 

6.  Morrison,  C.I.F.,  "Glued  Laminated  Timber"  The  Engineering 


Journal,  April  1952. 


1 23 


7.  Newlin,  J.A. ,  Heck,  G.E.  and  March,  H.W. ,  "New  Method  of 
Calculating  Longitudinal  Shear  in  Checked  Wooden  Beams" 
Transaction  of  American  Society  of  Mechanical  Engineers, 
1934. 

8.  Ramos,  A.N.,  "Stress  Strain  Distribution  in  Douglas  Fir 
Beams  Within  the  Plastic  Range"  Forest  Products  Lab. 

Rept.  No.  2231,  1961. 

9.  Tamberg,  K.O.  and  Huggins,  M.W. ,  "Glued  Laminated  Timber 
for  Bridge  Beams"  University  of  Toronto,  Report  No.  11, 
1960. 

10.  Wilson,  T.R.C.  and  Cottingham,  W.S.,  "Tests  of  Glued 
Laminated  Wood  Beams  and  Columns  and  Development  of 
Principles  of  Design"  Forest  Products  Lab.  Rept.  No. 

R1687,  1952. 

11.  "Fabrication  and  Design  of  Glued  Laminated  Wood  Structural 
Members"  Forest  Products  Technical  Bulletin  No.  1069, 


February,  1954. 


. 


-  Al  - 


APPENDIX  A 

MOISTURE  CONTENT  AND  SPECIFIC  GRAVITY  DETERMINATIONS 

A- 1  Moisture  Content 

Specimens  were  cut  approximately  1-1/2  inches  square 
and  weighed  immediately.  They  were  then  placed  in  a  oven  at 

o 

103C  and  allowed  to  dry  to  a  constant  weight.  The  moisture 
content  was  then  computed. 

initial  weight-ovendry  weight 

Moisture  content  (%)  =  - — — — - -  x  100 

ovendry  weight 

A  sample  data  sheet  is  included  at  the  end  of  this  Appendix. 

A- 2  Specific  Gravity 

The  moisture  content  specimens  were  also  used  for  the 
determination  of  specific  gravity.  In  the  first  part  of  the 
testing  program  Method  1  described  below  was  employed.  This 
method  proved  to  be  time  consuming.  Consequently,  Method  2 
was  used  for  the  majority  of  the  testing  program. 

Method  1 

The  oven  dry  samples  were  weighed  and  coated  with 
paraffin  wax.  The  weight  of  the  sample  plus  paraffin  was 
then  determined.  The  combined  weight  of  a  container  and  water 


* 
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was  balanced  on  a  scale  and  by  means  of  a  suitable  pointer 
each  block  was  immersed  in  the  water  (FIGURE  A. 1A) .  Care 
was  taken  to  assure  that  the  specimen  did  not  come  in  con¬ 
tact  with  the  container.  The  additional  weight  required  to 
balance  the  scale  represented  the  weight  of  water  displaced 
ky  the  specimen.  Knowing  the  specific  gravity  of  the  paraf¬ 
fin  (determined  oy  this  immersion  method)  the  volume  of  paraf¬ 
fin  coating  was  determined.  Then: 


and 


Vol.  of  block  =  (Vol.  of  block  +  paraffin) 

-  (Vol.  of  paraffin) 


Specific 


gravity  of  wood  = 


Dry  weight  of  block 
Volume  of  block 


Method  2 

The  dry  weight  of  the  specimen  was  determined  on  the 
same  basis  as  in  Method  1.  A  container  was  then  filled  with 
mercury  in  such  a  manner  that  the  volume  of  mercury  exactly 
equaled  the  volume  of  the  container.  This  was  accomplished 
by  pressing  a  leveling  plate  against  the  top  of  the  con¬ 
tainer.  The  sample  was  then  pressed  into  the  mercury  using 
this  same  leveling  plate  (FIGURE  A. IB) .  The  displaced  mer¬ 
cury  was  weighed.  Then: 


. 


,  „  ,  ,  ,  Weight  of  mercury  displaced 

Vol.  of  block  =  - - - - - - - 

Specific  Gravity  of  mercury 

and 

.  .  .  Dry  weight  of  block 

Specific  Gravity  of  wood  =  - 

Volume  of  block 

Sample  data  sheets  for  both  methods  are  presented 


in  this  Appendix. 


. 
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| A j  WATER  IMMERSION  METHOD 


[B]  MERCURY  IMMERSION  METHOD 


FIGURE  A.  I 
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University  of  Alberta 
Department  of  Civil  Engineering 


EFFECT  OF  DELAMINA  riON  ON  SHEAR  STRENGTH  OF  GLULAM  BEAMS 
MOISTURE  CONTENT  AND  SPECIFIC  GRAVITY  TESTS 


Series  No-.  _ LLlji 

Specimen  No.  _ 


Date  Tested _ June  3/63 


METHOD  1 


Sample  Block  Number 

1 

2 

3 

4 

Wet  Weight:  (gms) 

37.5 

35.6 

40.5 

41.3 

Dry  Weight :  (gms) 

34.0 

3^.2 

36.7 

37.3 

Weight  of  Water:  (gms) 

3.5 

3.4 

3.3 

4.0 

Moisture  Content  (%) 

10.3 

10.6 

10.4 

10.6 

Average  Moisture  Content  (7a) 

10 

.5 

Dry  Weight  &  Paraffin: (gms) 

0  7  7 

•  ( 

36.0 

41.0 

41.5 

Dry  Weight; (gms) 

34.0 

32.2 

36.7 

37.3 

Weight  of  Paraffin  : (gms) 

3. 7 

3.-3 

4.3 

3.7 

Volume 

of 

Samp le 

& 

Paraffin 

T  r  ia  1 ,  * 

Number 

1 

63.5 

62.2 

70.7 

70.7 

2 

63.4 

62.2 

7<  ).3 

70.7 

3 

63.6 

62.2 

70.7 

70.7 

Sum 

190.5 

136.6 

212.2 

212.1 

*■’»  Average 

63.5 

62.2 

70.7 

70.7 

Volume  of  Pa 

raff in (c  .  c  .  ) 

4.2 

4.35 

4.9 

4.2 

Volume  of  Sample  (c.c.) 

59.3 

57.35 

65.3 

66.5 

Specific  Gravity  (c.c.) 

0. 574 

0.557 

0.553 

o.  56# 

Specific  Gravity  of  Paraffin  _ 0»  1  , 4 

AVERAGE  SPECIFIC  GRAVITY _ Q«  5qL 
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EFFECT  OF  DELAMINATION 

Series  No.  --  ■ _ 

Specimen  No.  ■' _ _ 


ON  SHEAR  STRENGTH  OF  GLULAM  BEAMS 

S 

Date  Tested  S^Dty.  12  / 


M3TH0D  2 


MOISTURE  CONTENT 


SAMPLE  BLOCK  NUMBER 

1 

2 

3 

4 

WET  WEIGHT:  (gms.) 

IQ.  Q 

T3.3 

46.2 

45.3 

DRY  WEIGHT:  (gms.) 

35.6 

U.3 

41.0 

uv? 

WEIGHT  OF  WATER:  (gms.) 

4.  3 

4.0 

5.2 

5.0 

MOISTURE  CONTENT  % 

12.1 

11. 

12.7 

12.2 

AVERAGE  MOISTURE  CONTENT  % 

1  p  o 
. *- 

SPECIFIC  GRAVITY 


SAMPLE  BLOCK  NUMBER 

1 

2 

3 

4 

DRY  WEIGHT:  (gms) 

35.6 

32.  o 

# 

41.0 

U0. <* 

WEIGHT  OF  MERCURY  DISPLACED:  (gms.) 

303 .3 

795.2 

94  .0 

930.5 

VOLUME  OF  MERCURY  DISPLACED:  (c.c.) 

59.3 

5?. 6 

63.5 

63.7 

SPECIFIC  GRAVITY 

.  t ) 

0.535 

0.5 

0.594 

AVERAGE  SPECIFIC  GRAVITY 

0,594 

Bl 


APPENDIX  B 

STATISTICAL  ANALYSIS  OF  DATA 


B- 1  General 

The  experimental  data  have  been  reported  in  CHAPTERS 
VI  and  VII.  This  appendix  outlines  the  methods  adopted  in 
plotting  the  data.  The  problem  was  basically  one  of  attempting 
to  find  a  relationship  between  the  dependent  variable  strength 
and  different  independent  variables  such  as  degree  of  delamina¬ 
tion,  moisture  content,  density  and  deflection.  To  date  no 
multiple  regression  techniques  have  been  applied.  The  method 
adopted  was  one  of  determining  individually,  the  relation 
between  the  dependent  variable  and  each  of  the  independent 
variables . 

B-2  Frequency  Analysis  of  Data 

For  any  given  series  of  tests  there  were  sufficient 
repeated  tests  at  constant  values  of  the  independent  variable 
to  carry  out  a  frequency  analysis  of  the  dependent  variable. 
FIGURE  B.l  shows  a  histogram  of  the  test  series  00  which  is 
a  frequency  plot  of  the  data  derived  from  repetative  tests. 

This  type  of  analysis  indicated  that  the  results  were  dis- 
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tributed  "normally"  about  the  mean  value.  The  author  assumed 
that  this  was  the  case  and  accepted  the  mean  value  of  the 
repeated  tests  as  the  best  estimate  of  the  true  value  of  the 
dependent  variable  for  a  given  value  of  the  independent 
variable . 

B- 3  Plotting  of  Data 

The  mean  values  of  the  dependent  values  were  plotted 
for  the  full  range  of  experimental  data.  A  sample  plot  of 
this  type  of  analysis  is  shown  in  FIGURE  B.2.  Since  many  of 
the  plots  appeared  to  indicate  a  good  linear  relation,  it  was 
decided  to  systemize  the  data  plotting  by  carrying  out  a 
linear  regression  on  the  IBM  1620  digital  computer  at  the 
Computing  Center  of  the  University  of  Alberta. 

B-4  Linear  Regression  Analysis 

The  data  were  analyr  ?d  for  the  linear  regression  line 
using  the  method  of  least  squares.  Since  sufficient  data 
had  been  plotted  to  give  assurance  of  regular  distribution 
of  data  as  recommend  by  Keeping  and  Kenny  (1954) ,  the  Pearson 
correlation  coefficient  was  accepted  as  the  measure  of 
strength  of  the  linear  correlation.  The  correlation  coef¬ 
ficient  "R"  for  the  plot  shown  in  FIGURE  B.2  is  0.96. 


..  i  co  bdiBdq  6  a;,  : . 
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The  regression  analyses  together  with  their  correlation 
coefficients  are  given  in  tabular  form  in  CHAPTERS  VI  and  VII. 
The  statistical  techniques  for  obtaining  these  values  are 

detailed  below. 


B-5  Arithmetic  Mean 


For  a  series  of  N  values  of  y  (i*l  to  N)  the  mean  is 
given  by  the  relation: 


Arithmetic  Mean  =  y 


i=l 


(B.  1) 


B-6  Standard  Deviation 


The  standard  deviation  is  used 
dispersion  about  the  arithmetic  mean, 
relation : 


Standard  Deviation 


as  a  measure  of 
It  is  given  by 


the 

the 


(B.  2) 


B-7  Linear  Regression 

During  the  analysis  of  the  data,  plots  were  made  on 
arithmetic  coordinates.  Choosing  y  as  ordinate  and  x  as 
abscissa,  the  regression  line  of  y  on  x  was  obtained  as  follows 
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Find  the  best  fit  straight  line  for  x  and  y  using  the 
method  of  least  squares: 

Let  Y  =  ax  +  b  (B.3) 

The  error  e.  for  any  point  as  measured,  y.,  and  predicted  is: 

e.  =  y  •  -  Y .  =  y-  -  ax.  -  b  (B.4) 

The  best  fit  straight  line  will  result  when 


that  is, 


*  2 

(e-)  =  E  =  minimum  value  (B.5) 

i=l 


—  =  0  =  -2  2>  (x.)  (y.  -  ax.  -  b)  (B.6) 

•\  XXX 

oa  i=l 


djE 

8b 

Equations  (B.6) 


for  a  and  b  giving: 


n 

0  =  -2  (y.^  -  ax£  -  b)  (B.7) 

i=l 

and  (B.7)  can  be  solved  simultaneously 


(B .  8) 


(B.  9) 


n 


■"U  -  ■  . 


■ 
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The  regression  line  of  y  on  x  is  therefore  defined 

as : 

y  =  ax  +  b  (B. 10) 

B-8  Correlation  Coefficient 

The  correlation  coefficient  for  the  y  on  x  linear 
regression  is  defined  as 


R 


(B .  11) 
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APPENDIX  C 

COMPUTER  PROGRAM  FOR  STATISTICAL  ANALYSIS 

The  calculations  used  in  the  statistical  analysis  in 
this  thesis  are  routine.  However,  because  of  the  large  number 
of  tests  involved  the  time  required  to  make  these  calculations 
"long-hand"  was  prohibitive.  Thus,  a  computer  program  was 
written  in  Fortran  II  for  the  IBM  1620  digital  computer 
available  at  the  University  of  Alberta.  A  printout  of  the 
program  used  is  shown  on  the  following  pages. 
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92^132  EFFECT  OF  DEL AM  I  NAT  I  ON  ON  THE  SHEAR  STRENGTH 
PROGRAM  2  LOAD  DEFL.  AT  INITIAL  FAILURE 

I oad  fortran  execute 

DIMENSION  W(6) *X(20) *Y(20) 

READ  5  0  »  NG  >  K  V 
50  FORMAT ( IX , 1 1  *  IX  ,  1 1  ) 

DO  90  JG= 1 >  NG 

sx  =  o. 

SXX=0. 

S  Y  =  0  • 

S  Y  Y  =  0  • 

S  X  Y  =  0  • 

SL  =0  • 

SS  Y  =  0 
S  X  M  =  0 
SX  XM  =  0 

sym=o 

S Y YM=0 
SX  YM  =  0 

|  READ  5 1 » I G  » NS 
31  FORMAT ( IX , 12  » IX  » 12  ) 

XNS=NS 

DO  80  JS= 1 9  NS 
TX  =  0  • 

T  Y  =  0 . 

READ  52  » I S  » NL 

52  FORMAT ( IX  *  I  2  *  1  X  *  I  2  ) 

XNL=NL 

SL=SL+XNL 

DO  70  JL= 1 *  NL 
XMEAN=0 
YM  EAN=  0 

READ  5  3  ,  I  G  ,  I S  ,  I  L  ,  W  (  1  )  ,  w  (  2  )  ,  W  (  3  )  *  W  (  4  )  ,  'a*  (  5  )  ,  X  (  J  L  )  ,  KC  ,  W  (  6  ) 

53  FORMAT (3I3*F4.1»F7.0*F6.1*F5.3,F5.1,F7.4,I3,F6.3) 

Y ( J  L ) =  W ( KV ) 

SXY  =  SXY  +  X ( JL ) * Y ( JL  ) 

SXX  =  SXX  +  X ( JL ) *X ( JL  ) 

SYY=SYY+Y ( JL ) * Y ( JL  ) 

TX=TX+X ( JL ) 

TY=TY+Y ( JL ) 

SX=SX+TX 
SY=SY+T Y 
XMEAN=TX/ XNL 
YMEAN=TY/XNL 
SUMX=0 • 
sumy=o. 

SXM=SXM+XMEAN 
SYM=SYM+YMEAN 
SX XM  =  SXXM  +  XMEAN*XME AN 

syym=syym+ymean*ymean 

sxym=sxym+xmean*ymean 

DO  75  1=1, NL 

SUMX=SUMX+ ( X ( I ) -XMEAN ) **2 
SUM Y  =  SUMY  +  (  Y  (  I  )-YMEAN)**2 
XSD  =  SORTF ( SUMX / ( XNL-1  .  )  ) 

YSD  =  SQRTF ( SUMY / (XNL-1.  )  ) 

SS  Y  =  SS Y+SUMY 

PUNCH  1 0  »  JG  *  JS  »  K V  » XMEAN  »  YMEAN , XSD  *  YSD 

FORMAT ( 3I5»4F12.4) 

CONT INUE 


- r-~-r  Jj  j-^3  , 

;  t 

<  S  )  V  f  {  cs  )X.  (  a  )'••.  HOI  2H3M  I 

V*rr>*H  •- 

(  r  i  *xi  ♦  r  I  .  XI  )  TAM'  0 
•  OHtl-JL  'v? — ©t 
•  -  A  c. 

•  g~X  > 

.  ,  =  Ye 

. 

•  0  -  Y  X  c 

. =Mxxe 
X^rM^e 
(  =MY  Y  a 


iH#-0Itie  OA35I 

* 

3H=aHX 
aHrf-at  et-t 
.  0  =  X  ■ 

. 

JH»3l»Sa  OA3>1 
1-^i  tXI»Sl-T*f  ITAMflOl 

JH=JHX 
jHx+ja»ja 
JH  « I = JL  GY  on 

^ -HA3M  Y 

M  >  -  rtrtrhh  -T-a  >v;»  (  <M  L  «  (  e  -Hf  t  (  S  )  W  f  I  n  v»  f  J  I  t  -  Y-t-d-l  Tff 

U  .c  *  IfA.'‘3*I.e3«€.e3tI.d3fC.T3*I#^3t£I£)  TAM5T03 

<  v > )  *  =  <  jt.  > 

{ JL ) Y*< JL ) X+YX8= YX 

<  jg  i  x+ x  x  l.  «  x  x  c 

(  JL  )  Y*  (  JL  )  UY  1  C  =  Y  Y 

-1-3UX  +  XT-XT- 
Ul)Y  +  YT  =  YT 


YT+Y2= Y3 


JHX\YT=H  \1  ' 


t-^XFu-'  ■ 
.l=YML 


r A 3~M X * H  A 3^X  iMXXi^MXX  j 
H  A3  IY*HA3MY+MYY2  =  MY  Y  •: 
XT-  -  ArrA  3M;*  +y-  k .  =y 

J  H  ♦  I  =  I  . 


S**trtA?MX~t  I  )XNXMUerXWr 
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